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ABSTRACT
Introduction: Hepatitis B infection is an important health problem all over the world, and 
according to the studies, Iran is a country with intermediate prevalence, so vaccination is a 
cost-benefit approach. In this study, evidence about the efficacy of hepatitis B vaccine was 
collected by systematic review methods and its amount was estimated by a meta-analysis.  
Materials and Methods: In this study, documents and literature search were performed 
using valid key words in Information Sciences Institute, PubMed, Scientific Information 
Data base, and Iranmedex databases from 1997 to 2010 in different regions of Iran. All 
cross-sectional studies about the efficacy of hepatitis B vaccine in Iran which fulfilled 
the inclusion criteria entered the study. Antibody titer (Anti-hemoglobins > 10 IU/L) was 
considered as the desired efficacy. In order to present the results, prevalence and Forest 
plot were used and for evaluation of the inconsistency meta-regression model and I2 index 
were used. We used R.15.3.2 software for analysis. Results: Totally 64 studies (52 studies 
in general population and 12 studies among specific populations) including 12,575 subjects 
with age range from 8 months to 55 years entered the meta-analysis. The efficacy was 
86.3% (confidence interval [CI]: 83.9-88.7%) in the general population and 59.62% (CI: 
47.9-71.29%) in specific patient populations. Also the efficacy was significantly related to the 
year of publication, age and gender (P < 0.05). Conclusion: Prevention is an important issue 
in general health. Hepatitis B vaccination is one of the methods used to prevent hepatitis 
B infection. According to this study, the efficacy of hepatitis B vaccination was more than 
80% in general population, so injection of full course of hepatitis B vaccinationis enough 
and booster dose is not required.
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INTRODUCTION

All over the world, hepatitis B virus (HBV) is a common cause 
of hepatic disease.[1] This virus is present in all body fluids and 
secretions. It is transmitted via sexual contact, intravenous (IV) 
drug abuse, mother to the newborn and occupational exposure. 
Hepatitis B infection is an international health concern because 
2 billion subjects are infected with this virus,[2,3] and 350 million 
subjects suffer from chronic hepatitis B infection among whom 
75% are Asian.[4,5] About 45%, 43% and 12% of people live in 
hyper‑endemic (prevalence ≥ 8%), miso‑endemic (prevalence: 
2‑7%) and hypo‑endemic (prevalence < 2%) regions, 
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respectively.[6,7] According to World Health Organization and 
Center for Disease Control reports, Iran is among the countries 
with intermediate prevalence regarding chronic hepatitis 
B infection,[6,7] According to the estimate of meta‑analyses 
prevalence of chronic hepatitis B infection in Iran is 2.7%.[8] 
The incidence of this disease in the US was 14 in 100,000 
individuals in 1980 with reduced to 3 in 100,000 in 1989.[9] In 
Iran an important risk factor for this disease is IV drug abuse.[10] 
There is no cure for acute or chronic infections and present 
treatments are very costly.[11] Now vaccination id the most 
efficacious and economical means for prevention of this 
disease.[11] Hepatitis B vaccination for newborns and persons in 
high‑risk conditions such as health care workers according to 
the national vaccination program was started in 1993. In this 
program vaccination is performed by intramuscular injection 
of 0.5 cc recombinant deoxyribonucleic acid vaccine in 
between 0, 1, and 6 months after the first injection. From 2006, 
vaccination was performed for under 18 year old adolescents as 
well.[12] The vaccine was produced in 1980 and from 1990 it 
was used in children vaccination in many countries.[12]

There are different reports on the immunizing rate of 
this vaccine in Iran. Studies in Iran and other parts of the 
world have reported an immunizing rate of 71‑95% for this 
vaccine.[13‑75] Studies have shown that various factors may 
affect the efficacy of hepatitis B vaccine including vaccine 
type, times of vaccination,[76] genetic background,[77] age,[78] 
weight, smoking, and alcohol consumption.[79]

Considering different studies on the efficacy of hepatitis B 
vaccination, in order to validate the results of these studies 
for identification of the national load of hepatitis B infection 
and better control of this disease from educational, research 
and health care aspects and for measurement of the effect 
of vaccine, a meta‑analysis was performed on the studies 
published from 1997 to 2010.

MATERIALS AND METHODS

This was a meta‑analysis on the efficacy of hepatitis B vaccine 
which was performed by a systematic review of the existing 
evidence.

Search strategy
In this study, International databases, including Information 
Sciences Institute, PubMed, scopus and google scholar and 
Iranian databases, including Iranmedex, Scientific Information 
Data base, and Magiran were searched, and studies about 
the efficacy of hepatitis B vaccination which were published 
from 1997 to 2010 were evaluated. Following keywords or a 
combination of them, were used for search: Efficacy, hepatitis B, 
immunity, vaccination, HBV, virus, response, immunogenicity. 
For those articles which full text was not available in databases 
we contacted the author via E‑mail to receive fulltext articles.

Inclusion criteria
At first a list of titles and abstracts of all articles in the 
aforementioned databases was prepared and related articles 

entered the study independently. All studies which had 
assessed the efficacy of hepatitis B vaccine in Iranian 
population at least 1 month after the last (third) dose of the 
vaccine entered the study. The selected studies were performed 
cross‑sectional between 1997 and 2010. All observational 
studies (case‑control and cohort), clinical trials on two 
different kinds of vaccines, trials with historical controls, and 
before‑after studies were excluded from the study. In some 
studies from which several articles had been published, only 
one article with the largest sample size was selected.

Outcome assessment
The study outcome was the efficacy of hepatitis B vaccine 
which is assessed by the measurement of the titer of 
the antibody against the hepatitis B surface antigen by 
enzyme‑linked immunosorbent assay method. Subjects 
are divided into three groups according to the antibody 
titer (IU/L): (1) Antibody titer > 100 IU/L, (2) antibody titer 
between 10 and 100 IU/L, and (3) antibody titer < 10 IU/L, 
which were considered as positive response (immune), weak 
positive response (immune), and no response (not immune), 
respectively. So in this meta‑analysis antibody titer > 10 IU/L 
was considered as the desirable response of the main outcome.

Data extraction
According to inclusion and exclusion criteria, a list of 
accepted articles was prepared, then a checklist (including 
name of the author, year of publication, study place, sample 
size, the amount of positive or desirable response to vaccine, 
gender, age group, characteristics of study population, the 
time of antibody titer measurement, and type of the study) 
was designed for final assessment of the articles.

Quality of the studies
The quality of the study regarding the study method and 
reportingmethod was evaluated. For evaluation a standard 
checklist i.e. strengthening the reporting of observational 
studies in epidemiology (STROBE) for cross‑sectional studies 
was used. It consisted of 6 stions and 22 titles.[80] In this 
study 64 articles were accepted among which 2 studies were 
published as abstracts. The advantages and disadvantages of 
the studies were assessed by the checklist and in the report 
of these studies about 70% of the titles of STROBE checklist 
were addressed.

The description of the studies
Totally 121 articles were found by a search in national and 
international databases. Six articles were excluded because 
they were repeated, and 9 were excluded due to low quality. 
Among the remainder 106 articles, 36 ones were excluded 
due to inconsistency with the criteria of the current study, 
and 6 other studies were excluded due to unavailability 
of the fulltext article or required data. From 64 accepted 
articles, 14 articles had been performed on children 
under 10 years old,[51‑64] 38 articles on adults (more than 
18 years old),[13‑50] and 12 on individuals with a specific 
disease (thalassemia, acquired immunodeficiency syndrome 
[AIDS], hemodialysis)[64‑75] [Figure 1].
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Characteristics of the population in different 
studies
From 64 accepted articles, 14 articles had been performed on 
children under 10‑year‑old,[51‑64] 38 articles on adults (more 
than 18‑year‑old),[13‑50] and 12 on individuals with a specific 
disease (thalassemia, AIDS, hemodialysis).[64‑75] 39 studies have 
assessed the efficacy of the vaccine on both genders (separately 
and in combination).[14,15,18‑22,25,27,29,30,34‑36,39,40,43,46‑62,67,68,70,71,73,75]

Statistical analysis
Due to the variability of the studied subjects and accepted 
articles for assessment of hepatitis B vaccine efficacy, studies 
were divided into some groups and analysis was done in 
each group separately. The efficacy of hepatitis B vaccine 
and sample size was extracted from each study, so for 
measurement of variance in each study, binominaldistribution 
was used. In order to assess the consistency of the studies 
Cochran’s Q test and I2 index were used. Galbraith plot was 
used for graphic presentation. For calculation of the pooled 
effect measure inverse variance was used for fixed effect 
and Dersimonian‑Lirdmethod was used for random effect. 
For presentation of the meta‑analysis results Forest plot was 
used. In this plot the size of the square shows sample size in 
each study and lines in both sides show the 95% confidence 
interval (CI) for the efficacy of vaccine in each study. In order 
to detect publication bias, Funnel plot, and Egger’s regression 
were used. Data analysis was performed by R 2.15.1 software.

RESULTS

Due to the variability of subjects in different studies, we could 
not merge the results and analyses them totally, so studies were 

divided into three groups and analysis was done in each group, 
separately.

The efficacy of hepatitis B vaccine in the general 
population
There 52 studies conducted on the general population between 
1997 and 2010. These studies included all age groups (from 
8 months to 55 years). Sample size was between 36 and 600 
subjects. The lowest efficacy (antibody titer > 10 IU/L) 
was observed in Zanjan (48%), and the highest was seen in 
Lorestan and Babol (100%). Heterogeneity test (P < 0.005), 
I2 index (I2 = 96.65%), and Galbraith plot showed a high 
inconsistency among the studies [Figure 2]. According 
to the meta‑regression model, publication year, age group 
and administration method were factors responsible for 
inconsistency. So studies on two age groups, children (under 
10 years old) and adults (more than 18‑year‑old), were 
analysed separately and in combination. Meta‑analysis 
estimate of the efficacy of hepatitis B vaccine in 95% CI was 
82.82% (95% CI: 75.8‑89.8%), 87.87% (95% CI: 85.6‑90%), 
and 86.37% (95% CI: 83.9‑88.7%) in children, adults, and 
general population, respectively. In sensitivity analysis for 
evaluation of the effect of each study on the final result by 
excluding the studies one by one, the efficacy of hepatitis B 
vaccine was constant with little fluctuation. In another word, 
meta‑analysis model enjoyed a high stability and considering 
this low fluctuation, the highest effect was observed with the 
study of Saffar et al. in 1993[32] and Rafizade et al. in 2003[64] 
which changed the efficacy between 0.0065 and 0.008. For 
assessment of publication bias, Funnel plot was used. This 
plot shows the distribution of all 52 studies in horizontal 
axis (the efficacy of vaccine), and vertical (accuracy of each 
study) and the points have formed an asymmetrical pattern. 

Figure 1:Follow diagram of systematic review and searches for efficacy of hepatitis B vaccine in I.R. Iran
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Egger’s regression quantitatively confirmed the publication 
bias (P < 0.005).

According to the results of meta‑regression model, 
meta‑analysis estimate of the efficacy of hepatitis B vaccine 
in general population was 94.9% (95% CI: 93‑97%) after 
inter‑dermal injection and 85% (95% CI: 82.7‑88.1%) after 
intramuscular injection.

The efficacy of hepatitis B vaccine in specific 
diseases
In the period between 1997 and 2010, we found 5 studies 
on hemodialysis patients[65,66,70,72,73] and 4 patients on 
thalassemia patients,[16,32,67,74] and 3 studies on patients with 
AIDS.[68,69,71] Sample size in these studies was between 37 
and 215. The lowest efficacy (29.1%) for hepatitis B vaccine 
was observed in AIDS patients in Kermanshah,[71] and the 
highest was 92% and among thalassemia patients in Sari.[33] 
Due to inconsistency between studies I2 = 94.3, P < 0.001), 
the meta‑analysis estimate of efficacy by random model was 
59.6% (95% CI: 48‑71%) [Figure 3].

According to the results of Egger’s regression (P = 0.6) 
and Funnel plot, there wasn’t significant publication bias. 
Sensitivity analysis showed that by excluding the studies 
one by one, the efficacy of hepatitis B vaccine was constant 
with little fluctuation (range of the estimate of efficacy: 
57.7‑62.3%). Therefore meta‑analysis model enjoyed a high 
stability.

The efficacy of hepatitis B vaccine in the general 
population regarding gender
Totally 32 studies had assessed the efficacy of hepatitis 
B vaccine in two genders. The meta‑analysis estimate 
by random model in 95% of confidence interval was 
calculated using Forest plot. Odds ratio (OR) of efficacy 
of hepatitis B vaccine (female to male) was 1.88 (95% CI: 
1.42‑2.48) [Figure 4]. According to the results of Egger’s 
regression (P = 0.36) and Funnel plot, there wasn’t significant 

publication bias [Figure 5]. Sensitivity analysis showed that 
by excluding the studies one by one (range of the estimate of 
OR: 1.59‑1.93) showed that the study conducted by Sarkari 
et al.[22] by female to male ratio of 1.59 increased the final 
estimate of OR by 0.29. Due to inconsistency between studies 
I2 = 96.65, P < 0.001), the meta‑analysis method showed 
that publication year and age were the factors responsible for 
heterogeneity. Therefore meta‑analysis estimated the OR of 
efficacy of hepatitis B vaccine to be 1.2 (95% CI: 0.97‑1.42) 
in children and 2.43 (95% CI: 1.65‑3.59) in adults [Figure 4].

The efficacy of hepatitis B vaccine in specific 
diseases regarding gender
We found 7 studies that have evaluated the efficacy of 
hepatitis B vaccine in people suffering from specific diseases 
regarding gender.[67‑71,73,75] According to Forest plot and 
meta‑analysis estimate by random model in 95% confidence 
interval, the female to male OR for the efficacy of vaccine 
was 0.86 (95% CI: 1.9‑0.39). According to the results of 
Egger’s regression (P = 0.72) and Funnel plot, there wasn’t 
significant publication bias. Sensitivity analysis showed 
that the efficacy of hepatitis B vaccine was constant with 
little fluctuation (range of the estimate of OR: 0.73‑1.1). 
Heterogeneity test (I2 = 63.9, P = 0.1) and Funnel plot 
showed that studies have a moderate heterogeneity.

DISCUSSION

This was a comprehensive systematic review and meta‑analysis 
on cross‑sectional studies conducted to assess the efficacy 
of hepatitis B vaccine during the period between 1997 and 
2010. Due to the variability in subjects participated in the 
studies, meta‑analysis was performed on two groups: General 
population and those suffering from specific diseases. The 
meta‑analysis estimate of the efficacy of hepatitis B vaccine in 
different studies was 86.3% (95% CI: 83.9‑88.7%) in general 

Figure 2: Galbraith plot of the efficacy of hepatitis B vaccine in 
the general population

Figure 3: Forest plot of the efficacy of hepatitis B vaccine in specific 
diseases
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population and 59.6% (95% CI: 47.9‑71.2%) in the population 
suffering from a specific disease. In other words, suffering from 
a specific disease such as thalassemia, chronic renal failure, or 
human immunodeficiency virus infection lowers the efficacy 
of hepatitis B vaccine. It can be explained by these two 
reasons: (1) Individuals in general population are physically 
stronger than those suffering from an important disease and (2) 
general population consists of people in different ages, but 
those with specific diseases were mostly older than 30 years.

The results of meta‑regression model showed that 
meta‑regression coefficient was significant for publication 
year, age and route of administration which shows a significant 
change in the efficacy of hepatitis B vaccine in different 
age groups and routes of administration. The comparison 
between studies on adults (older than 18‑year‑old) and 
children (younger than 10 years old) shows that efficacy in 
adults is somewhat more than children, but the difference is 
not significant. In the study conducted by Fisman et al. in 2002 
who assessed the responsiveness to recombinant hepatitis B 
vaccine, the responsiveness was increased to 30 years old and 
then decreased.[81] Meta‑analysis showed that efficacy is higher 
by administration of vaccine via interdermal router than 
intramuscular which was consistent with the study of Fabrizi 
et al.[82] but was inconsistent with the study of Afzali et al.[83] In 
the accepted studies, the lowest OR for the efficacy of vaccine 
was observed in the study of Khodavisi et al.[15] in Hamedan, 
and the highest was seen in Abdolsamadi et al. study[48] in 
Tehran, although the meta‑anlysis considering gender showed 
that the female to male ratio for the efficacy of the vaccine 
was 1.87 (95% CI: 1.42‑2.48); it means that the probability of 
efficacy in females is 0.87 more than males and the efficacy of 
vaccine is lower in males which was confirmed in children and 
adults. In patients suffering from a specific disease, the efficacy 
was higher among males than females, so female gender 
is an attenuating factor for efficacy of hepatitis B vaccine. 
Totally, there is controversy about the effect of gender on the 
efficacy of hepatitis B vaccine. Some researches mention that 

Figure 4: Forest plot of the efficacy of hepatitis B vaccine in the general population regarding Age

Figure 5: Funnel plot of the efficacy of hepatitis B vaccine in the 
general population regarding gender
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responsiveness to vaccine is higher among females, which is 
not approved in other studies. Ferraz et al. have found a higher 
titer of antibody in females after vaccination.[84]

Mansori et al. showed that males had a better responsiveness 
than females.[85] Holenger believes that geneder is not an 
effective factor on responsiveness.[86] This study showed 
that the efficacy of hepatitis B vaccine is lower in males 
and those with specific diseases which is consistent with 
textbooks.

CONCLUSION

Prevention is an important issue in public health. This study 
showed that the efficacy of hepatitis B vaccine in general 
population is more than 80%. Therefore booster dose is not 
required in the general population, but it may be required in 
subjects with a specific disease.
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